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(71) We, UCB, of 4, Chaussde de 
Charleroi, Saint-Gilles-lez-BruxeQes, Belgium, 
A Body Corporate organised under die laws 
.of Belgium, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which 
it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

The present invention is concerned with 
new photopolymerisable compositions whidh 
are useful as varnishes and printing inks 
which can be cuied by the action of ultra- 
violet rays, particularly as offset, letterpress, 
gravure, flexographi<^ copperplate printing 
and silk screen varnishes and printing inks. 

One particularly advantageous application, 
of the compositions of the present inven- 
tion is in the field of inks which are poly- 
merisable by ultra-violet rays and which 
hereinafter, for tiie sake of brevity, will be 
referred to as UV inks; these inks do not 
contain any solvents and dry and harden 
by the action of ultra-violet rays. In this 
particular case, very thin pigmented or 
coloured layers of these inks are applied to 
the paper and precisely because of the 
extreme thinness applied, allow sufficiently 
deep penetration of UV radiation to initiate 
photopolymerisation with a very high initia- 
tion spe^. 

Solvendess inks are of interest in the 
fight against pollution. Conventional print- 
ing mk& whidi dry by die application of 
heat contain, in fact, up to 4S% of hydro- 
carbons, which are eliminated in ovens. The 
solvents are discharged to the atmosphere, 
together with the combustion gases. This 
pollution can be. avoided by the expensive 
installation of catalytic or thermal post-cont- 
bustion devices. 

The use of UV inks reduces the encumber- 
ing of the workshop equipped with sheet-fed 
presses. Dried UV inks have better mechani- 
cal strength and chemical resistance together 
with a considerably increased drying speed, 
thus leading to a reduction of the time re- 
quired before finishing, with a reduction of 



stocks of printed material in course of pro- 
duction and the elimination of the use of SO 
anti-set-off powders, which give rise to pre- 
mature wear of certain parts of the press 
and entail difficulties in subsequent process- 
ing, for example during lamination. 

The drying of inks, varnishes or lamina- 55 
tion bondmg products by ultra-violet irradia- 
tion is a known technique Vfhidti has already 
been described in nimlerous patents^ Never- 
theless, the quality of the commercially avail- 
able products has retarded their adoption bv 60 
the graphic arts industry concerned with 
publication, production of packings, printing 
of textiles and decoration of various sup- 
ports. In particular, some known IJV inks 
hkve insufficient stability to storage or un- 65 
acceptable drying, while others have good 
drying properties but, even more than those 
first mentioned, are characterised by severe 
difficulties in obtaining the water /ink balance 
in the offset process; these difficulties* may 70 
even, entail scumming or intensive tinting. 
Furthermore, reproducibility between various 
production batches must be considered in- 
adequate because of the absence of definitions 
• of ph3^cal and chemical characteristics (or 75 
control standards) i^ch must be respected 
by the unsaturated prepolymers and die un- 
saturated oligomers or monomers forming 
part of the composition of these inks. 

An improvement of binding power, re- 80 
suiting in better wetting of the pigments and 
good rheological behaviour and offset charac- 
tsc, are obtained by incorporating fatty 
radicals. 

Neverdieless, conventional technical 85 
methods of esterification or transesterification 
entail temperature and reaction time condi- 
tions under. which the acrylic unsaturations 
niust be protected by high contents of in- 
hibitors, which are subsequendy eliminated 90 
by laborious and expensive techniques. 

Tlie binders used in the present invention 
can be obtained under very mild conditions 
in the absence of solvents and high amounts 
of inhibitors and no longer require subse- 95 
quent purification. 
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The compositions according to the present 
invention are perfectly suitable as offset, 
kttei^ress and flexographic inks and also 
as inks used for copperplate printing, 
5 gravure and sUk screen printii^ which are 
dried by UV radiation. 

Thus, according to the present invention, 
there is provided a composition photopoly- 
merisable by irradiation with ultra-violet 
10 ligh^ which comprises: 

1) a photopolymerisaUe binder, which is 
the reaction product of 

(A) a di- and/or tri-isocyanate selected 
from (a) a di- or triisocyanate derived 

13 from a dimer or trimer obtained by 

dimerisation or trimerisation of a Cia 
unsaturated monobasic fatty acid, 
and (b) a turethane prepolymer having 
two or three &ce isocyanate groups, 

20 which is the reaction produa of a dt- 

isocyanate with a di- or triester of 
ricinoleic acid, and 

(B) an acrylate containing at least two 

CH2=CH-<:00— 

25 radicals and at least one free hydrozyl 

feroup, 

said photopolymerisable binder containing, 
on average, from 4 to 15 

CH2=CH— COO- 
SO groups per molecule, and 

2) at least one photoinitiator and/or 
photosensitiser. 

In addition to the two essential ingredients 
of the photojpolymerisable composition, the 

35 photopolymerisable binder and the photo- 
initiator or photosensitiser, said composition 
may also contain at least one inert polymer 
or plasticiser, copolymerisable monomer, 
oligomer or polj^ner, pigment or filler and 

40 at least one additive for ultra-violet vatnishes 
and inks in amounts as specified, hereinafter. 

I. Photopolymerisable binder. 

The photopolymerisable composition pre- 

45 ferably contains 10 to 90% !^ weight of 
the photopolymerisable binder, which is the 
reaction product of compounds (A> and (B) 
defined above. In order to obtain UV inks 
having a high drying speed, this binder must 

50 contain, on average, from 4 to 15 and prefer- 
ably from 4 to 9 

CH2=CH— COO— 
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groups per molecule. 

Examples of the di- and triisocyanates (A) 
are in particular: 

(a) the di- and/or triisocyanate derived 
from a dimer and/or trimer fatty acid 
obtained by controlled polymerisation of 
a C]s unsaturated monobasic fatty acid. 



for example the commercial product 60 
DDI 1410 sold by General Mills 
Chemicals Inc., which is the diisocyan- 
ate of a Csq dibasic acid obtained by 
controlled dimerisation of a Cm un- 
saturated monobasic fatty acid. 65 
(b) the urethane prepolymers with two or 
three free isocyanate groups obtained 
by reacting a diisocyanate witibi a di- 
or triester of ricinoleic acid, such as 
castor oil Oricinoleic acid triglyceride), 70 
the diester of ricinoleic acid witfi ethyl- 
ene glycol, etc. Products of this kind are 
marketed by the Baker Castor Oil Co. 
under the trade mark "Vorite". TTius 
"Vorite 63" used in the following Ex- 75 
amples is a prepolymer obtained by re- 
acting a mixtiue of castor oil and pro- 
pylene glycol mono-ricinoleate with 
toluylene diisocyanate, the prepolymer 
obtained containing 14.4% NCO, a 80 
density at 25oC. of 1.113, a molecular 
weight of 288 and a Gardner coloration 
of 3. 

The following are examples of acrylates 
(B) containing at least two 85 

CH2=CH— COO— 

radicals and at least one free OH group: 
(a') partial acrylic esters of aliphatic poly- 
hydric alcohols containing at least three 
hydroxyl groups, such as pentaerj^thritol 90 
triacrylate as well as the partial acrylic 
esters of di- or tri-pentaerythritoL The 
product *Tetia" sold by UCB and used 
in the following Examples is a mixture 
of 60 — 65% by weight pentaerythritol 95 
triacrylate and 35 — 40% by weight 
pentaerythritol tetraacrylate; 
Oj') partial acrylic esters of poly(oxy- 
alkylene) derivatives of aliphatic poly- 
hydric alcohols containing at least three 100 
hydroxyl groups, such as Pluracol SP 
760 pentaacrylate used in the following 
; Examples C*PluracoI SP 760" is die 
addition product of 12 moles ethylene 
oxide to 1 mole sorbitol having a mdb- .105 
cular weight of about 760 and sold by 
Wyandotte Paint Produas Co.); 

(cO partial acrylic esters of polyesters 
containing at least three hydroxyl 
groups, such as the condensation product 110 
of 1 mole adipic acid with 2 moles tri- 
methylolpropane and 3 moles acrylic 
acid; the condensation product of 1 
mole maleic anhydride with 2 moles 
'Tluracol PeP 450" (addition product of 115 
7 moles ethylene oxide to 1 mole pent- 
aerythritol having a molecular weight of 
about 450) and 5 moles acrylic acid, 
etc.; (*TluracoF' is a Registered Trade 
Mark); 120 



1,493,134 



(d') the products of the reaction of poly- 
epoxides with acr^c add containing at 
least one free OH group, for example 
the reaction product of bisphenol A di- 
5 glycidyl ether (marketed by . the Dow 

Chemical Co. under the trade mark 
"D^.R. 330" and by ShcU under die 
trade mark "Epon" 827) with acrylic 
add or the like. 
10 The di- or tri-isocyanates (A) and the 
acrylates (B) are either known raw materials 
available commercially or can be prepared 
by known processes. Widi more particular 
regard to the acrylates (B), it is to be under- 
15 stood that the acrylic acid used in preparing 
'the acrylates can be replaced by its func- 
tional derivatives, such as the acid halides 
(preferably chloride), the acid aiohydride or 
its lower alkyl esters (in this latter case, 
20 transesterification is dfected instead of 
esterification). 

The binders constituted by the reaction 
product of the " di- and tri-isocyanates (A) 
with the acrylates (B) can be prepared by an 
25 extremely simjjle process not requiring 
complicated equipment. It consists in heating 
the di- and/or triisocyanate (A) and die 
acrylate (B) at a temperature of 20 to 100°C., 
preferably of 60 to 70°C.^ in the presence 
30 -of a catalyse such as dibutyl tin dilaurate, 
trietfaylene diamine or the like, in such a 
jSOBxmet that for one NCO group equivalent 
there is at least one hydroxyl group equiva- 
lent J£ the process is carried out below 
35 the preferred temperature range, the reaction 
time is longer, ^i^reas if the process is 
carried out above this range, the danger 
of premature polymerisation ci the unsatur- 
ated acrylic groups inpceases as a function 
40 of the temperature. Since the .reaction is 
.exothermal, provision should be made to 
keep the temperature of the reaction medium 
within the preferred range of 60 — 70°C, 
by appropriate cooling. The end of die re- 
45 action is indicated by the disappearance of 
the NCO groups, which can be verified 
eidier by flie di - n - butylamine titration 
method (P. Wright, Solid Polyurethane 
Elastomers, pub. McLaren & Sons, LondLpn, 
50 1969, page 84) or by infra-red spectrophoto- 
metry (disappearance of the characteristic 
band of the NCO group at 2260 cm-»): At 
the end of the reaction, a small amount of 
a lower alcohol, sudi as n-propanol, may be 
55 added, if desired, in order to effect the com- 
plete disappearance of the free NCO groups. 
. The reaction generally takes from 30 minutes 
to 8 hours and, on average, about 2 hours. 
The foUowing are examples of die photo- 
60 polymerisable binder (I): 

1) the product of die reaction of DDI 
1410 (described above) with Petia (des- 
cribed above), in the proportion of 1 
NCO equivalent of DDI to from 1.2 to 
65 1.8 OH. equivalents of Petia; 



2) the product of the reaction of Vorite 
(described above) with the above-men- 
tioned Petia in the .proportion of 1 
NCO equivalent of the former to 1.8 

OH equivalent of the latter; 70 

3) the product of the reaction of the 
above-mentioned DDI 1410 and Pluracol 
SP 760 pentaacryliate (described above) 
(the latter containing 0.91 milliequivalent 

of OR/g.) in the proportion of 1 NCO 75 
equivalent of the former to 1.1 OH 
equivalent of the latter; 

4) the product of the reaction of the 
above-mentioned DDI 1410 with a 
hydroxylated acrylic polyester, in the 80 
proportion of 1 NCO equivalent of the 
former to 1.5 OH equivalent of the ' 
latter (the hydroxylated acrylic polyester 
used above is obtained by reacting 1 
mole of adipic acid with 2 moles of tri- 85 
methylolpropane and 3 moles of acrylic 
add;^ it contains 5.5 milliequivalents of 
acrylic imsaturation/g, and 1,9 milli- 
equivalents of OH/g.); 

5) the product of the reaction of the men- 90 
tioned DDI 1410 with "Deralrane", m 

the proportion of 1 NCO equivalent of 
the former to 1,4 OH equivalent of the 
latter (*l>erakane*' is the product of the 
reaction of 2 moles of acrylic add with 95 
bisphenol A diglycidyl etiier; its mole- 
sule weight is about 485 and it con- 
tains 4 milliequivalents of OH/g, and 
4 milliequivalents of acrylic unsatura- 
tion/g.; it is sold by the Dow Chemical 100 
Co.). CT)erakane" is a Registered Trade 
Mark.) 

The binders constituted by the reaction 
products of the di- and tri-isocyanates (A) 
with ^ die acrylates (B) are waxy to liquid 105 
substances, the viscosity of which, at ambient 
temperature, is between a few poises and a 
few thousand poises. They aire colourless to 
dark brown, depending upon the quality of 
the raw materials and the operating condi- 110 
tions used for the synthesis thereof. They 
have a good solubility in aromatic solvents, 
ketones, esters and the like and also in 
mono- and polyfunctional acrylic and vinyl 
monomers. Their vapour pressure at ambient 1 1 5 
temperature is practically negligible. 

Tlie advantage of the binders constituted 
by the reaction products of the di- and tri- 
isocyanates (A) with the acrylates (B) is that 
the equilibrium between the lipophilic part 120 
and the hydrophilic part of die molecule can 
be varied at will (see Example 1), which is 
particularly important in the formulation of 
UV offset inks. Unlike the binding agents 
at present used in UV offset inks, the equilib- 125 
rium between the ink and the fountain solu- 
tion when using the binders which are the 
reaction products of (A) and (B) can easily 
be achieved and maintained in the press, 
even after a stop in the printing. Isopropanol 1 30 
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contents of the order of from 10 to 25% 
by weight may be used without disadvantage 
in the fountain solutions. Among the binders 
which are the reaction products of (A) and 
5 (B), the best offset bedhaviour is obtained 
with those with a hydroxyl index between 
20 and 50. These binders have the particular 
advantage of being completely inert to most 
of the ink distribution rollers and to most 
10 of the blankets which transfer the ink from 
"die plate cylinders to the printing support. 

n. Inert polymers and plasddsers. 

In addition to the above-described photo- 
polymerisable binder, the photopolymeris- 

15 able compositions of the present invention 
may contain from 0 to 40% by weight of 
inert pd^^mers and plastidsers. Tne following 
are mentioned as particular examples of 
inert polymers: polyolefins,- polystyrene 

20 polyalkyl acrylates, polyvinyl chloride, poly- 
vinyl acetate, polyediers, polyamides, satur* 
ated polyesters^ alkyd resins, epoxy resins, 
urea-formaldehyde resins, aryl sidphonamide- 
formaldehyde resins, terpene - phenol resins, 

25 polyvinyl alkyl ethers, chlorinated rubber, 
cellulose esters (acetopropionate, acetobuty- 
rate and the like), copolymers of vinyl chlor- 
ide with .vinyl acetate, noaleic esters, vinyl- 
idene chloride, vinyl esters and the like. 

30 The inert plasticisers which can be added 
to the photopolymerisable compositions of 
the present invention are esters of organic 
or mineral acids, such as o-, iso- or tere- 
phthalic acid, adipic add or die like, widi 

35 mono- or polyhydric alif^atic or aromatic 
hydrozylated compounds, such as butanol, 2- 
^mylhexanol, triethylene glycol or the like. 
Epoxidised oils, dilorinated hydrocarbons, 
chlorinated naphthalenes or the like, may 

40 similarly be used as plastidsers. 

The inert plasticisers and polymers are 
added in order to adapt or modify print- 
. ability characteristics, fiiml appearance (gloss) 
and me properties die ink films obtained. 

45 m. Copolymerisable monomers, o%omers 
and polymers. 
These represent from 0 to 40% by weight 
of the photopol3^merisable compositions of 
die present invention. 

50 llie copolymerisable monomers and alogi- 
mers whidi can be added to the compositioxis 
of the present invention are used vjb&n it is 
required to modify the viscosity^ flow limit 
or tack diaracter, with a view to adapting 

55 die resulting product to various applications 
and/or teduucal uses. They are, in particu- 
lar, used to lower the viscosity of the pro- 
duct obtained. At the moment of polymerisa- 
tion, diese oligomers copolymerise with the 

60 binders above-described and, therefore, form 
a permanent part of the compositions 
obtained in this manner. In order to avoid 
a reduction of the speed of d^ing under 



ultra-violet radiation, monomers or aligomers 
carrying acrylic unsaturations are used. The 65 
monomets can be acrylates and polj^crylates 
of pplyols, sudi as trimediylolpropane tri- 
acrylate. 

For offset inks, monomers are selected 
from products widi a boiling point higher 70 
than 230°C. at atmospheric pressure. Ex- 
amples of copolymerisable oligomers indude 
die di-, tri- and polyacrylates of hydroxylated 
products whidi have been obtained by con- 
densing ethylene or prop3^ene oxide or 75 
e-caprolactone on to glycerol, trimethylol- 
propane, pentaerydiritol, sorbitol or the like, 
such as die ••Tercarol G 310" triacrylate 
used in the following Examples. 

As an example of copolymerisable poly- 80 
mers, mention is made of die polymers with 
a mokcular weight lower dian 5000 and 
whidi carry acrylic groups at die ends d 
the chains or at a lateral position along 
the chain. Polymers d this kmd are wdl 85 
known and have been described witii a wide 
variety of structures, such as polyesters, 
acrylics, polyepoxides, polyuredianea and ti» 
like. 

IV. Pigments and fillers. 90 

The pigments and fiUers for the UV inks 
of the present invention are added in order 
to impart colorimetric propertfes. An ink 
may contain, for example: 

from 0 to 30% by wei^t of organic pig- 95 
ments, 

from 0 to 25% by weight of carbon black, 
from 0 to 60% by wei^t of inorganic pig- 
ments, 

from 0 to 50% of fillers, IQC 

the total amount of pigment and fillers being 
between 10 and 60% by weight, in the case 
of UV inks; it is, however, 0% by weight 
in die case of an overprint varnish. These 
pigments and fillers must neither retard nor 105 
inhibit the photopolymerisation of the photo- 
polymerisable binder. They must neither 
react chemically mdi the photoinitiator or 
•initiators and/or photosensitiser or photo- 
sensitisers nor adsorb diem physically. nc 

The organic pigments can be selected from 
the products set out in the Colour Index, 
jdie absorption of which, in the wavelengths 
between 200 and 500 nanometers, is as low 
as possible. Hf 

The utilisation of masking mineral pig- 
ments may be necessary for the producticm 
of certain inks, for example in the case 
offset inks intended for tinplate printing. 
Titanium oxides, lead and zinc chromates 12( 
and mdlybdates and bronze and aluminium 
powders may be mentioned as examples of 
masking pigments. It is obvious that UV 
absorption by these opacifying pigments is 
higher than with or^nic pigments whidi 12^ 
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ate transparent to UV and that inks formu- 
lated on the basis of these opacifying pig- 
ments require higher irradiation energy (ex- 
pressed in watts per cm^ of printed surface). 

5 In other words, in order to obtain the same 
drying rate, it is necessary to increase the 
number of UV radiators. 

Hie fillers are selected so as to have a 
minimum absorption in die range from 200 

10 to 500 nanometers. These include precipi- 
tated, or micronised magnesium or calcium 
carbonate (calcite, aragonite or the like), 
barium sulphate or calcium sulphate (baryta, 
blanc fixe (barium sulphate) or the Hke), 

15 micronised hydrated magnesiimi or potassium 
sHicoalmmnate, micronised magnesium sili- 
cate, precipitated alumina hydrate, asbestine> 
microiiised or non-micronised. or the 
like. 

20 V. Photoinitiators and photosensitisers. 

These are preferably used in amounts of 
from 1 to 15% by weight in tbe photopoly- 
naerisable compositions of the present inven- 
tion- They make it possible to polym^se 

25 these compositions imder the influence of 
radiation, &e wavelengths of which are be- 
tween 200 nm and 500 nm. The photosensi- 
tisers supply to all the molecules containing 

1 or more unsaturations, or to die initiator, 
30 a part of the energy transmitted by li^t. 

By means of die unsaturated system or sj^s- 
tems or of a photoinitiator, the photosensi- 
tisep produce free radicals or ions 
initiate the polymerisation or the cross-link- 

35 ^ogof the composition. 

The photoinitiators arc essentially 
chemical substances belonging to ihe follow- 
ing groups : 

compounds containing carbonyl groups, 

40 such as pentanedione, benzil, piperonal, benz- 
oin, and its halcfgenated derivatives, benzoin 
ethers, andiraquuione and its derivatives, 
pip' - bis - (dimethylamino) - benzophenone, 
benzophenone, dibenzosuberone, campho- 

45 quinone and the like; 

compounds containing sulphur or selenium, 
sudi as the di- and polysulphides, xantho- 
gmates, metcaptans, dithiocarbamates, thio- 
loetones, ^ - naphtfaoselenazolines and the 

50 lite; 

organic peroxides, such as benzoyl per- 
cuddes, r-butyl peroxide and the like; 

compounds containing nitrogen, such as 
the azonitriles (for example azo - bis - iso- 
55 butyronitrile), diazo compounds, diazides, 
derivatives of acridine, phenazine, quia- 
pxaline, quinazoline^ and oxime esters, for 
example 1 - phenyl - 1,2 - propanedione 

2 - fO - (benzoyl)6xime] or the like; 

60 halogenated compounds, such as halogen- 
ated aldehydes and ketones, methylaryl 
halides, sulphonyl haUdes and dihalides and 
the like; 

photoinitiator dyestufFs, such as diazonium 



salts, azoxy - benzenes and derivatives, rhodr 65 
-amines, eosines, fluorescein, a^^vine and 
die like. 

The photosensitisers belong to the 
following grotips: ketones and meir deriva- 
tives, carbocyanines and methines, poly- 70 
cyclic aromatic hydrocarbon^ such as andira- 
cene, and dyestuffs, such as xanthenes, 
safranines and acridines. 

For further information regarding tiie 
photosensitizers and photoinitiators which 75 
can be used in the present invention, refer- 
ence is made to the following: G. Delzenne, 
Ind. chim. Beige, 24, (1959) 739—64; J. 
Kosar, Light Sensitive Systems, New York, 
Wiley, 1965; N. J. Turro, Molecular ^oto- 80 
chemistry. New York, Benjamin Inc., 1967; 
and H. G. Heine, H. J. Rosenkranz, H. 
Rudolph, Angew. Chem. 84, 1032/1972. 

VI. Conventional or special additives for 85 
ultra-violet varnishes and inks. 

When present, these are used in an^unts 
of frcMu 1 to 20% by weight, the following 
are examples of these additives: 

known stabilisers, antioxidants, viscosity 90 
modifying agents and flowing agents; 

diam-tranrfer agents serving to accelerate 
radical polymerisation once it has been 
initiated; examples of these agents include 
the di- and triamines, allcanolamines. mono- 95 
al^Idialkanolamines and dialkylmonoalkanol- 
amines, morpholine and its derivatives^ the 
pKDlyaniiines, N-phenyl-glydnc and its deriva- 
tives, N,N' - diihethylaminoethanolamine 
monoacrylate, N - methyldiethandlamine di- 100 
acrylate, triethanolamine triacrylate and the 
like; 

polymerisation inhibitors intended to pro- 
vide -storage stability, for example quinones, 
hydroquinones, substimted phenol deriva- 105 
tives, primary aromatic amines, copper com- 
pounds and the like; 

waxes, the purpose of which is to assist . 
the obtaining of scratch-proof hardened 
films; these waxes may be natural, such as 110 
canddilla wax or Camauba wax, or synthetic 
such as polyethylene wax, polypropylene wax, 
parafiBn wax, chlorinated paraffin waxes, 
chlorinated naphthalenes and the fluorinated 
waxes. 115 

The following Examples, in which the 
parts are parts by wei^t unless otherwise 
stated, are given for the purpose of illus- 
trating the present invention. Examples 1 to 
4 illustrating the preparation of binders used 120 
in the present invention: — 



Example 1 
The proportions by weight, indicated in 
the Table below, of the lipophilic DDI 
1410 (described above) and hydrophilic Petia 125 
(described above) are introduced into a 
double-walled 1-litre glass reactor equipped 
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with a tfaetmoxneter and an anchor type agita- 
tor. 

0.25 part of dH}utyl tin dilaurate is added 
per 100 parts of the mixture. The mixture 
5 is agitated in the open and at atmospheric 
pressure and brought to 65^C. until the iso- 
cyanate groups have disappeared, whidi 
takes about 2 hours. 

The viscosity in poises at 25*='C, and the 
10 hydroxyl index of die different binders 
obtained are then measured. 

TABLE 





DDI 




Hydro^l 


Petia 


1410 


Viscosity 


index 


74 


26 


65 


48 


72 


28 


92 


40 


70 


30 


122 


36 


68 


32 


190 


28 


66 


34 


225 


22 



20 When the logarithm of the viscosity and 
the OH index of the above binders are plotted 
against the Petia content, straight lines are 
obtained (see the Figure of the accompany- 
ing drawing). By means of these lines, it is 

25 possible to determine the composition of a 
binder, the viscosity of which is most suit- 
able for use as UV ink or varnish on a 
given printing machine. 

Example 2 

30 This Example illustrates the choice of a 
binder (amongst those of the preceding Ex- 
ample) as a fumction of the required viscosity 
for use on an industrial scale. In A) below, 
the binder was chosen which would have a 

35 viscosity of about 200 poises, which is suit- 
lable for offset inks for sheet-fed machines, 
whereas in B) below, the binder was chosen 
which would have a viscosity of about 80 
poises, which is suitable for offset inks for 

40 web presses. 

A) 68 kg. of the above-mentioned Petia, 
containing 2.2 milliequivalents of OH/g., 
iand 32 kg. of the above-mentioned DDI 
1410 are introduced into a double-walled 

45 stainless steel reactor with a capacity of 
150 litres equipped with an anchor type 
agitator and an automated heated control 
system. The Petia is stabilised with 1500 
ppm of hydroquinone monomethyl ether. 

50 • The mixture is brought to 65®C., while 
agitating, and 5 portions, each of 0.05 part, 
of dlbutyl tin dilaurate are then introduced 
every 20 minutes. 

The reaction is aik)wed to proceed at 

55 this temperature until the disappearance of 
the isocyanate groups, Le. about 1 hour. A 
sample of this binder gives the following 
values : 

Viscosity at 25^C, =200 poises 
60 OH index = 25. 



B) Exactly the same method of operation 
is adopted as in A), but using 72 kg. of 
Petia and 28 kg. of DDI 1410. A binder is 
obtained ^ich has the following character- 
istics: 

Viscosity at 25®C. =80 poises 
OH index =41 

Example 3 
The following are introduced into the 
same reactor as was used in Example 1: 70 

31 parts by weight of Vorite 63 (see above) 
69 parts by wei^t of the aforesaid Petia 
0.25 parts of triethylene diamine. 

The binder has the following charaaer- 
istics: . 75 

Viscosity at 25^C. =^2000 poises 
OH in^ = 24 

Example 4 
The following products are reacted at 
70^C. for 2 hours in the same reactor as 80 
in Example 1: 

1000 g. of 'Tluracor SP 760 (descnbed 
above) pentaacrylate containing 0.91 
miUiequivalent of OH/g. 

240 g. of the aforesaid DDI 1410 85 

2.5 g. of dlbutyl tin dilaurate. 

The binder thus obtained has the following 
diaracteristics : 

Viscosity at 25®C. =156 poises 

OH index =6 90 



Example 5 
Offset ink for web press 
An offset ink is prepared from the follow- 
ing constituents: 

15 parts of phthalocyanine blue (Colour 95 

Index Pigment Blue 15) 
68 parts of the binder of Example 2B 

6 parts of trimethylolpropane triacrj^te 

5 parts of dioctyl phthalate 

5 parts of benzoin isobutyl ether 100 
^1 part of. polyethylene wax, product PA- 
520 of Farbwerke Hoecnst)^ 

The ink is applied in a thickness of about 
1 micron to a strip of paper. The speed is 
determined at which set-off occurs when the 105 
strip of paper is passed at various speeds, at 
a distance of 7.5 cm., under a UV Isanp of 
'•Hanovia" type No. 6525 A 431 widi an arc 
length of 62.5 cm. and a power of 5 kW 
(medium pressure mercury lamp). no 

("Hanovia" is a Registered Trade Mark.) 

Set-off occurs at 3.0 metres per second 
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and the hardened ink beconoes scratch-proof 
2 hours after irradiation. 

In four-colour printing on a rotary press 
equipped with 3 UV lamps of the type des- 
5 cribedi the ink dries at a speed of 300 
metres per minute. 

Example 6 
Offset ink for sheet-fed machines 
Thi^ is prepared from the following con* 
10 stituents: 

16 pa^ts of benzidene yellow AAMX (Colour 

1 Index Pigment Yellow 17) 
70 parts of the binder of Example 2A 
3 parts of trimethylolpropane triacrylate 
13 5 parts of dioctyl phthakte 

5 paijts of a mixture of benzophenone and 
i Aiichler's ketone (ratio 6: 1 by weight) 
1 patt of polyethylene wax (PA-520 of 
Farbwerke Hoechst). 

20 When the ink is tested as in Example 5, 
set-off occurs at 3.5 metres .per second. 

In four-colour printing on a sheet-fed 
press provided with three UV lamps of 80 
W/cm, it was possible to work at a rate of 

25 8000 sheets per hour. 

Example 7 
UV varnish 
This was prepared from the following 
constituents £ 

30 54 parts of die binder of Exan^le 4 

15 parts of N - methyl - diethanolamine 
diacrylate 

20 parts of Tercarol G 310 triacrylate 
10 parts of benzophenone 
35 1 part of polyethylene wax (product PA- 
520 of Farbwerke Hoechst). 

(Tercarol G 310 is a condensation product 
of 3 moles of propylene oxide on 1 mole of 
glycerol, which has a molecular weight of 

40 about 310.) 

' When the varnish is applied in a layer 
.of from 0.5 to 1 micron on a strip of paper 
printed as in Example 5, it hardens at a 
speed of 2.5 metres per second when passed 

45 under an 80 W/cm lamp. 

The hardened varnish is colourless, 
adheres wdl to the ink and it has a good 
gloss. 

.. WHAT WE CLAIM IS: — 
50 LA composition photopolymerisable by 
irradiation with ultra-violet light, which com- 
prises : 

1) a photopolymerisable binder, which is 
the reaction product of 
55 (A) a di- and /or tri-isocyanate selected 
from (a) a di- or triisocyanate derived 
from a dimer or trimer obtained by 
dimerisation or trimerisation of a Ciq 



unsaturated monobasic ^tty acid, and 
(b) a urethane prepolymer having two 60 
or three free isocyanate groups, which 
is the reaction product of a diisocyan- 
ate widi a di- or triester of ricinoleic 
add, and 

(B) an acrylate containing at least two 65 

CH2=CH-~<:00— 

radicals and at least one free hydroxy! 
group, 

said photopolymerisable binder containing, on 
average, from 4 to 15 70 

CHa =CH— COO— 

groups per molecule, and 
2) at least one photoinitiator and/or 



2. A amiposition according to claim 1, 75 
^xdierein the photopolymerisable binder con- 
tains, on average, from 4 to 9 

CH»=CH— coo- 
groups per molecule. 

3. A composition according to claim I 80 
or 2, wherein the acrylate (B) is a partial 
acrylic ester of a compound selected from 
aliphatic polyhydric alcohols containing at 
least ^ee hydroxyl groups, poly(oxyalkyl- 
ene) derivatives of aliphatic polyhydric 85 
alcohols containing at lee^t three hydroxyl 
groups and polyesters containing at least 
three hydrcoyl groups. 

4. A composition according to claim 1 or 

2, wherein the acrylate (B) is a reaction pro- 90 
duct .of a polyepoxide widi acrylic acid con- 
taining at least one free hydroxyl group. 

5. A composition according to any of the 
preceding claims, which comprises 10 to 
90% by weight of the photopolymerisable 95 
binder (1) and 1 to 15% by weight of the 
photoinitiator or photosensitiser (2). 

6. A composition according to any of the 
preceding claims, vMch also contains up to 
40% hy weight of at least one inert poly- 100 
mer and/or plasdciser. 

7. A composition according to any of the 
preceding claims, which also contains up to 
40% by weight of at least one copolymeris- 
abfe polymer, oligomer and/or monomer. 105 

8. A composition according to any of the 
preceding claims, which also contains 1 to 
20% by weight of at least one additive for 
ultra-violet varnishes and inks. 

9. A composition according to any of the 110 
preceding claims, which also contains up 

to 60% by weight of at least one pigment 
and/or filler. 

10. A composition according to any of 

the preceding claims, substantially as herein- 115 
before described and exemplified. 
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11. A varnish curable by irradiation with 
ultra-violet light, the formulation of which 
comprises a composition accoidii^ to any of 
daims 1 to 8. 

12. An offset printing ink curable by 
irradiation with ultra-violet lights the 
formulation of which comprises a composi- 
tion according to claim 9 or 10. 
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